Abstract. This paper reports the influence of light exposure (photodynamic) combined with magnetic field application on viability activation of anaerobic photosynthetic bacteria (Rhodobacter sphaeroides). For this purpose, a customized equipment was developed. It consisted of a sample holder, arrays of light emitting diode (LED) and Helmholtz coils as light source and magnetic field source, respectively. The systems of this equipment were controlled by a microcontroller of AVR ATMega-8535. Prior to application in vitro, all arrays of LED were calibrated, both their intensity and wavelength. After the treatments, all bacteria colonies were grown in photosynthetic media (PMS) for 48 hours followed by calculating the growth of bacterial colonies using a total plate count (TPC) method and Quebec colony counter. As results, it was found that the growth of bacterial colonies was influenced by both light intensity and wavelength of LED array. At the same intensities, the wavelength of 430 nm showed highest effect on the growth of bacterial colonies. In addition, upon application of the optimum light combined with magnetic field, the highest growth of bacterial colonies was achieved more than 110% when the energy dose of light and the magnetic field were 204 J/cm 2 and 1.8 mT, respectively.
Introduction
Photosynthetic bacteria are widely distributed in environment and wastewater [1] . They contain photosynthetic pigments of bacteriochlorophylls (BChl) and carotenoids which can grow either in a phototrophic and a heterotrophic condition depending on the presence or absence of light [2] . The pigments have their distinctive electronic absorption bands depending on molecular structures. Photosynthetic bacteria possess a modular photosynthetic apparatus in which a photochemical reaction center (RC) is fed with energy by a closely associated light harvesting pigment-protein (LH1) [3] . In many species these so called RC-LH1 complexes are in turn surrounded in the photosynthetic membrane by one or more types of peripheral light harvesting complexes [4] .
Photosynthetic bacteria can produce various types of physiological active substance such as vitamin B 12 , ubiquinone (coenzyme Q10), 5-aminolevulinic acid (ALA), porphyrins and RNA. In particular, ALA of photosynthetic bacterial was commercially applied to medical diagnosis and treatment [5] . Most bacteria use hemA biosynthetic pathway to produce porphyrins from a precursor. The ALA can be synthesized biologically by two distinct metabolic pathways. Differences between the bacterial and mammalian pathways include the existence of a widely used alternative route to ALA from glutamate and offshoots from the pathway that lead to the hemA variants and coenzyme B12 [6] . In the bacterial, ALA is formed by an enzyme ALA synthase that catalyzes the pyridoxal phosphate-dependent condensation of succinyl coenzyme A (succinyl-CoA) and glycine. The ALA synthase is the product of the hemA gene in Rhodobacter sphaeroides [7] .
There are many techniques to increase production of ALA such as by adjusting pH, carbon and nitrogen source, precursor concentrates, light illumination, aeration, and magnetic field application [5] [6] [7] . Additionally, it has been reported by other researchers that the application of magnetic field on the Rhodobacter sphaeroides colonies causes a stress on bacteria cells and activates ALA dehydratase (ALAD) genes. The ALAD is an important enzyme of phorphyrin synthesis [8] . This study aims to investigate effects of energy dose illumination of monochromatic light combined magnetic field application on the growth of Rhodobacter sphaeroides colonies.
Materials and Method
The sample of Rhodobacter sphaeroides bacteria used in this study were isolated from water taken from Mas river Surabaya followed by being grown in photosynthetic media. The used medium was glutamate-malate (GM) medium. Iron and cobalt were eliminated from the medium to suppress vitamin B, hemA synthesis and enhance extra-cellular porphyrin production [5] . The main apparatus chamber for illumination treatment is shown in Fig. 1 . It comprised of a servo-motor, an array of LED with various wavelengths (409 nm, 430 nm, 528 nm and 629 nm), and a magnetic field generator of Helmholtz coils. A microcontroller system based on AVR ATMega-8535 was used to control the apparatus, including timer and temperature of chamber. The intensity of the array of LED was measured using callibrated instrument prior to the application. The servo motor was used to rotate the sample holder, where the Petri dish was placed, so that the light illumination was expected to be homogeneous on the sample [9] .
Two measurements of the growth of bacterial colonies (in %) were carried out by varying wavelength of LED array at the same intensity (with and without magnetic field application) and varying intensity of LED array (at 430 nm) for various time intervals. The first treatment was performed for scanning the effect of wavelength of LED combined with and without magnetic field application. Meanwhile, the second treatment was intended for investigating the effects of energy dose on the growth of bacterial colonies. After the treatment, all bacteria substances were grown in PMS media. The bacteria were then grown on sterile PMS for 48 hours in the shaker incubator at a temperature of 37 °C until the optical density (OD) at 600 nm of wavelength was 0.15 [10] . Next, each sample of bacterial colonies (2 ml) was put on a Petri dish with diameter of 3.5 cm. The sample was then taken from incubator and calculated number of the growth of bacterial colonies with a total plate count (TPC) method and Quebec colony counter. The growth of bacterial colonies (Z) was calculated using , where X and Y are the total number of bacterial colonies before and after treatment, respectively.
Results and Discussion
Effect of light (photodynamic effect) and magnetic field application on the growth of bacterial colonies was shown in Fig. 2 . For the entire applied wavelength variation of monochromatic light (409 nm, 430 nm, 528 nm and 629 nm), the highest growth of bacterial colonies occurred at wavelength of 430 nm. Photosynthesis in Rhodobacter sphaeroides bacteria is performed by pigment-protein complexes that are closely packed within specialized intracytoplasmic membranes [11] . The photosynthetic apparatus have three transmembrane protein complexes, i.e. antenna or light harvesting complexes, reaction center and cytochrome [8] . The light-harvesting complexes bind pigments of carotenoid and BChl for light capturer. These two pigments are required by photosynthetic organisms to perform primary processes for capturing photons, migrating excited energy, and achieving charge separation. These pigments possess distinctive electronic absorption bands that are dependent on their molecular structures and also influence their light harvesting efficiencies in photosynthetic apparatuses [12] .
Carotenoid is a class of photoactive biomolecules that are widespread in nature and play a vital role in the photochemistry of photosynthesis [13] . In the light-harvesting (LH) proteins, carotenoids absorb the blue-green sunlight that is not absorbed by the BChl molecules. In this case, the pigment 
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of carotenoids shows optimum absorption at 430 nm as shown in Fig. 2 . The carotenoids transfer their excitation energy to the BChl molecules, which in turn funnel it to a unit called the reaction center, to trigger a sequence of electron-transfer processes that take place on time scales of up to microseconds [10] . The presence of carotenoids is crucial for the survival of the photosynthetic organisms. During the photochemical processes, a BChl singlet excitation can undergo intersystem crossing to a triplet state. This process takes place in a few nanoseconds and therefore is not of high yield because it competes with faster processes. However, the BChl triplet excited species can promote ground-state oxygen molecules to their highly reactive and hazardous singlet excited state. The carotenoids accept and safely dissipate the BChl triplet energy or scavenge the excited oxygen, thereby protecting the organism [13] . Carotenoids prevent damage caused by singlet oxygen either by direct quenching or by accepting excited state energy from triplet BChl [14] . Inset in Fig. 3 is the effect of light intensity and time exposure at wavelength of 430 nm. At this wavelength the growth of bacterial colonies increased dramatically. The lengths of time for light exposure were varied at 20, 30, 40 and 50 minutes, respectively. In this case, the longer time exposure of light the higher growth of bacterial colonies. The growth of bacterial colonies is affected by the energy dose of light as shown in Fig. 3 . The growth of bacterial colonies increases by increasing the energy dose. The maximum of growth occurred at about 111% when the energy dose of light was 204 J/cm 2 (light intensity was 68 mW/cm 2 and the time was 50 minutes). For energy dose larger than 204 J/cm 2 , however, the growth of bacterial colonies decreases. It may be due to more damages of the bacterial colonies. Furthermore, the application of an external magnetic field combined with optimum light illumination is able to increase significantly the growth of bacterial colonies as shown in Fig. 3 . The role of the magnetic field is the emergence of the Zeeman Effect. In this case, the magnetic field causes energy distribution via Zeeman Effect or hyperfine coupling. This effect splits energy levels of atoms or molecules into sub-levels of energy and makes a coupling with electron via its magnetic moment. The electrons are then released during the photosynthesis process.
The magnetic field, however, may cause damage (stress) cells but also active ALA dehydratase (ALAD) genes. The ALAD was considered to be a key enzyme of porphyrin synthesis. The application of a magnetic field on bacterial sample may simultaneously activate ALA dehydratase (ALAD) genes in photosynthetic bacteria. Another study observed that extracellular porphyrin production is markedly suppressed by the inhibition of ALAD with levulinic acid (LA) [9] . This observation indicated that ALAD activity should be investigated in relation to extracellular porphyrin and ALA production. 
